Turbulence 2015

PCS : IMPACT OF ROTATION ON THE KOLMOGOROYV CASCADE

Consider a turbulent fluid, initially homogeneous and isotropic. The fluid is in solid body rotation with
rotation vector L. In the rotating frame, the Navier-Stokes equations become:

divu=0

du

—+2Qxu=-grad 1 +v Au

dt

o . 1 .
where u denotes velocity in the rotating frame, and Il = P_ 5 (Q x E)Z defines an "equivalent" pressure.
p

We introduce the non-dimensional variables : x=I/X,u=Vu,t= ét_ ,Q=QQ II=PII, where I, V are

length and velocity scales characteristic of the turbulent motion, and P is the scale for pressure.

(a) Write the equations of motion in non-dimensionalized form. You will introduce the two non-

dimensional numbers, the Rossby number Ro =% and the Ekman number E = LZ What do those
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numbers represent physically?

(b) Show that in the limit Ro — 0, E — 0, the motion is invariant along the rotation axis, hence two-
dimensional (recall the vector identity : rot{4dx B )= VA.B-AdivB -VB.A+ BdivA).

(c) Therefore, in the limit of strong rotation, the motion becomes two-dimensional. Give at least one
argument explaining why, in this limit, the Kolomogorov theory can not apply.

(d) Consider now the case of weak or moderate rotation. Find the "limiting" scale /g, with associated

wavenumber K, in the inertial regime, which separates scales at which the rotation is felt and scales at

which rotation is negligible. (Hint : give the expression of the Rossby number at each scale in the
Kolmogorov cascade).

(e) Deduce qualitatively how the energy spectrum £ (K) of a turbulent flow under moderate rotation evolves,

assuming that its "limiting" wavenumber K, is in the middle of the inertial range.



